Detailed information on sulphur metabolism in moulds was initiated by Steinberg's (1941) investigations into the utilization of various sulphurcontaining compounds by Aspergillus niger. He concluded that the reduction of such compounds is a normal preliminary process in inorganic sulphur utilization in this mould. Hockenhull (1948) obtained similar results for PeniciElium notatum and described two parathiotrophic mutants of this mould. Parathiotrophic mutants of Ophiostoma multiannulutum had previously been produced by Fries (1945) and parathiotrophy had been observed in the Saprolegniaceae by Volkonsky (1983) and in Staphylococcus uweus by Fildes & Richardson (1937). Hockenhull (1949) obtained a number of parafhiotrophic mutants of Aspergillus niduhns and, from their growth behaviour on a number of compounds, postulated that sulphate was metabolized to cysteine with the intermediate formation of sulphite, sulphoxylate, thiosulphate and cysteine-S-sulphonic acid. Phinney (1948) and Phinney, Fling, Sheng & Horowitz (1950) obtained evidence that in Newospora mama sulphite, thiosulphate, cysteic acid and cysteine sulphinic acid were intermediates between, sulphate and cysteine. In Escherichia coEi, the work of Lampen, Roepke dz Jones (1947) and of Cowie, Bolton & Sands (1950) indicated that suIphite, thiosulphate and possibly sulphide, were intermediates between sulphate and cysteine.
Kearney & Singer (1952 & Singer ( , 1953 and Singer & Kearney (1954) obtained evidence that in Prdeus vulgaris oxidation of cysteine to sulphate occurs with the intermediate formation of cysteine sulphinic acid, P-sulphinyl pyruvic acid and sulphite, while Chapeville & Fromageot (1954) have shown the formation of cysteine sulphinic acid from sulphite in rabbit kidney.
No experimental approach, using both metabolic studies and mutant studies simultaneously, has been made, and Aspergillus niddans appears to offer reasonable material for this purpose, as the starvation method of Pontecorvo (1958) enables large numbers of parathiotrophic mutants to be produced with relative ease. It was hoped that information gained by the above approach would make it possible to reconcile and amplify previous studies with both A. nidulans and other organisms. For growth studies, the mutants were grown on the above minimal medium supplemented with various sulphur compounds and biotin where necessary.
METHODS

Organisms
Enzyme preparations. The mycelium from the aerated shake culture was washed on a sintered-glass funnel with a large volume of distilled water, resuspended in 800 ml, distilled water and aerated for 5 hr. It was then filtered off and suspended in a large volume of ice-cold acetone. After standing overnight at O", the mycelium was again filtered on a sintered-glass funnel, washed with ice-cold acetone and ether and dried in wamo over sulphuric acid.
On a suggestion by Dr E. E. Snell, the mycelium was constantly aerated during all stages of manipulation until it was plunged into the ice-cold acetone. Lack of aeration during the filtration steps resulted in low and fluctuating activities in the acetone powders. Considerable endogenous production of cysteine was observed when mycelium was not starved in distilled water, Reaction mixture. The total reaction mixture volume was 10 ml. consisting of 5 ml. 0.067 M-phosphate buffer (pH 7-2) in which 100-200 mg. of acetone powder were suspended. Amino and keto acids and sulphur sources were added to a final concentration of 0.1 M, as sodium salts, and pyridoxal to a final concentration of 0.01 M.
Estimdioru. At the end of each experiment, the digest was centrifuged, the precipitate washed twice with 5 ml. distilIed water, and the washings and supernatant fluid combined. The precipitate was suspended in 10 ml. distilled water and heated for 10 min, in a boiling water bath. After cooling, solid material was removed by centrifugation. Cysteine and cystine were estimated directly on samples from the original supernatant fluid and on samples from the hot water extract by the method of Kassell & Brand (1988). The results were expressed as pg. cysteine, although the experimental manipulations led to the oxidation of varying proportions of the cysteine to cystine.
Chromatogruphy of amino acids. For the production of satisfactory chromatograms it was found necessary to treat the extracts in the following manner in order to remove inorganic sulphur compounds. To a sample of the hot water extract 0 . 1~ iodine solution was added until a faint yellow colour persisted; excess of saturated barium hydroxide solution was then added and carbon dioxide bubbled through the solution to remove excess barium hydroxide. The mixture was centrifuged and the supernatant fluid freeze-dried. After redissolving in 1-2 ml. water, 5-20 pl. samples were chromatographed on Whatman no. 1 paper, using n-butanol +acetic acid +water (4 : 1 : 5 ) or methanol + pyridine +water (6 : 2 : 2) as solvents. The chromatograms were dipped in 0.2 yo (w/v) ninhydrin in acetone and the colour developed by heating at 90" for 15 min.
Semi-quantitative measurements of the amount of amino acid present were made by cutting out the coloured spots, eluting with 4 ml. of acetone+water (8: 1) and measuring the colour in a Beckman Model DU spectrophotometer at a wavelength of 570 mp.
Reagents. Analytical grade reagents were used wherever possible. Cysteine, cystine, methionine, taurine, isethionic acid and pyridoxal were obtained from L, Light and Co. ; glutamic acid, aspartic acid and serine from Roche Products Ltd, ; and sodium formaldehyde sulphoxylate from Brotherton and Co. Ltd. All amino acids were used in the form of their L-isomers.
Cysteine sulphinic acid was prepared according to Levine (1986) , cysteic acid according to Shinohara (1932) , cystine disulphoxide according to Levine ( 1 9SS), cysteine-S-sulphonic acid according to Clarke (1932) (Hughes, 1951) , or by grinding with powdered alumina (McIlwain, Roper & Hughes, 1948) showed negligible activities. Acetone powders of mycelium when prepared at a low temperature, showed a high activity which varied within the range of 38-82 pg. cysteine produced/hr./lOO mg. acetone powder with sulphite as the inorganic sulphur source, and 25-74 pg. cysteine produced/hr./100 mg. acetone powder with thiosulphate as the inorganic sulphur source.
Cysteine synthesis from sulphate and mlphite The mycelial acetone powders, when incubated alone in buffer, showed a small endogenous production of cysteine, possibly due to autolysis. As shown in Table 1 , there was a considerable synthesis of cysteine when pyridoxal, glutamate and pyruvate were added to this system. The omission of glutamate, or pyruvate, caused only a 5 0 % decrease of synthesis, as it was impossible to decrease significantly the amount of free internal amino acids in the mycelium by starvation. (After 6 hr, starvation approximately 80% of the original amount of glutamic acid still remained.) Other amino acids, such as alanine and aspartic acid, and a-ketoglutaric acid and oxalacetic acid were less effective in the system. With sulphate as the inorganic sulphur source, the rate of synthesis was markedly lower, but the pattern followed was identical with that found with sulphite. Acetone powder preparations of mycelium were incubated in a tots1 volume of 10 ml, at 87' for 5 hr. Cysteine and cystine were determined in the supernatant after incubation, the results being expressed as pg. cysteine formed/hr./100 mg. acetone powder. Four experiments recorded. Additions Cysteine synthesis from thiosulphate There was a considerable synthesis of cysteine with the acetone powder, buffer and thiosulphate alone; this was markedly increased by the addition of serine. The rate of synthesis was not increased by the further addition of pyridoxal and a slight inhibition was noted upon the addition of other amino acids and keto acids ( Table 2) . Cysteine sulphinic acid as an intermediate i n the synthesis The production of cysteine sulphinic acid and the utilization of glutamic acid were demonstrated with sulphite as the inorganic sulphur source. With thiosulphate as the sulphur source, formation of cysteine sulphinic acid was not observed. The results obtained by a semi-quantitative estimation of changes in free internal amino acids, other than cysteine, are shown in Table 3 . Table 3 . Formation and utilization of amino acids during cysteiw synthesis Acetone powder preparations of mycelium were incubated in a total volume of 10 ml. at 3 ' 7 ' for 5 hr. Amino acids were determined after incubation of hot water extracts of the acetone powders by the chromatographic method described in the text, the results being expressed in arbitrary units.
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Growth studies with mutant organisms The results of growth studies with various mutants, by the colony diameter method, are shown in Table 4 , Auxanographic tests gave results similar to those obtained by this method. In addition t o the various mutants mentioned in the text, forty-two other mutants were obtained, the metabolic block in all cases being between sulphate and sulphite. Mutants 1 and 7 made relatively poor growth on all media, whereas the growth of the other mutants, where it occurred, was more like that of the wild type. Studies with mutant no. 7 Mutant no. 7 was studied in greatest detail because of the interest aroused by its poor growth on thiosulphate. The results of the metabolic experiments indicate that sulphite and thiosulphate may be metabolized by different paths, and it might be expected that mutants would be found which could utilize sulphite but not thiosulphate, and vice versa. That mutant no. 7 does not utilize either sulphite or thiosulphate to any large extent may indicate that these compounds are on the same pathway, or that some type of double block in two separate pathways is present. The response of this mutant to cysteine is shown in Fig, 1 , and the quantitative response to various other sulphur compounds is shown in Fig. 2 , as measuredin spore germination tests. Table 5 illustrates ' leakiness ', i.e. some growth and germination on sulphate, but much less than that of the wild type. Such 'leakiness' may be due to a slight ability of the mutant t o convert sulphate to cysteine. Many of the 'leaky' mutants gave a negative auxanographic test for growth on sulphate, while showing some response in the spore germination tests. 
Apparent ' leakiness' of the mutants
DISCUSSION
The evidence presented suggests that inorganic sulphur compounds may be synthesized biologically into cysteine via at least two different pathways in Aspergillus niduluns. The pathway proposed by Kearney & Singer (1952) for the metabolism of cysteine sulphinic acid in Prokw vulgaris and shown to be reversible in rabbit kidney by Chapeville & Fromageot (1954) suggests the pathway starting with sulphate shown in Fig. 3 . The latter part of this pathway is taken from the suggestion of Medes & Floyd (1942) that cysteine is oxidized via cysteine sulphenic acid to cysteine sulphinic acid. This would explain the experimental data obtained with the wild-type Aspergillus nidulans preparations which use sulphate and sulphite as the inorganic sulphur sources, and also the growth behaviour of mutants 1, 2, 8, 4, 6, 8 and 9. This pathway, however, provides no explanation for the metabolism of thiosulphate.
The stimulation of cysteine synthesis by serine, when thiosulphate is the inorganic sulphur source, and the complete lack of any stimulating effect of glutamic acid, keto acids or pyridoxal on this system, together with the evidence that there is no intermediate production of cysteine sulphinic acid, leads to the conclusion that thiosulphate is metabolized by an alternative pathway. The suggestion by Hockenhull (1949) that thiosulphate and serine combine to give cysteine-S-sulphonic acid, which gives rise to cysteine, would provide an alternative pathway for the metabolism of thiosulphate which would agree with the experimental data. The pathway in mutant no. 7 is not entirely clear, but a block in the production of some unknown cofactor or energy-providing system common to both pathways, or a permeability change in the mycelium, are possible explanations of the behaviour of this mutant, which is apparently blocked in both metabolic pathways simultaneously.
